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The kaon form factor in the spacelike region is calculated using a holographic QCD model with the “bottom-
top” approach. We found our result for the kaon form factor in the low Q2 has a remarkable agreement with the
existing data, whereQ2 is the four-momentum transfer squared. The charge radius of the kaon as well as the kaon
decay constant are found to be in a good agreement with the experiment data. We then predict the kaon form
factor in the asymptotic region (larger Q2) showing 1/Q2 behavior, which is consistent with the perturbative
QCD prediction.
I. INTRODUCTION
A theory of Quantum Chromodynamics (QCD), which is
a non-Abelian gauge theory, is believed so far as a correct
theory of hadrons, where hadrons are the composite parti-
cles made of the quarks and gluons [1]. QCD has the essen-
tial features, namely confinement and chiral symmetry break-
ing [1, 2]. However, form factor, which is one of the nonper-
turbative quantities, is very difficult to compute directly from
QCD. Several theoretical and phenomenological models [3–
7] as well as lattice QCD calculation [8] have been used to
calculate this nonperturbative quantity of QCD.
Apart from those models, during the last few years, holo-
graphic QCD models, which are the complementary model
of QCD, have been also applied to describe the structure of
hadrons, namely meson [9–14] and nucleon [14] form factors
as well as charmed meson [15] in order to gain a deep under-
standing of the structure of hadrons, from a different substan-
tially point of view. Surprisingly, these holographic models
work well in predicting other hadron observables, namely the
decay constant and mass spectrum. Also, one can argue that
QCD approximately behaves a conformal over particular kine-
matic region [13, 16]. Those holographic QCD models are
able to preserve confinement [11, 17, 18] and chiral symmetry
breaking [12, 19–21], which is in many ways similarly to main
properties of QCD in the low energy, after a few years since
the holographic model was proposed [22, 23].
The original AdS/CFT correspondence [22] has been firstly
used to connect a strongly coupled 4D conformal theory for
large Nc , where Nc is the color number, and a weakly coupled
gravity theory on AdS space. It then has been reconstructed
starting from QCD and its 5D gravity dual theory to reproduce
the properties of QCD [16, 24–26].
However, among those holographic models with various ap-
proaches [9–15, 17–23], only few models have been used to
calculate the kaon form factor in holographic QCDmodel with
different approaches [15]. K+(us¯) is very interesting object be-
cause it consists of a strange quark, beside a up quark, where
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the mass of the strange quark is heavier than the u−quark. Ex-
perimentally, the existing data on the kaon form factor is very
poor in the higher Q2, only old data for low Q2 available [27],
where Q2 is the four-momentum transfer squared. In the fu-
ture, the experiments will measure the kaon form factor in
the higher Q2 [28, 29]. It would be interesting to see how
our complementary model, which is inspired by this AdS/CFT
correspondence, predicts the kaon form factor in the higher
Q2. This works may pave the way to understand the strange
quark properties as well as the strange quark form factor.
In the present paper, we calculate the kaon form factor in
the holographic QCD which is a complementary approach of
QCD. In this work, we adopt a “bottom-up” approach of the
AdS/CFT correspondence, instead of a “top-down” approach,
where we employ the properties of QCD to construct its 5D
gravity dual theory as performed in Refs. [24, 25, 30]. We
begin to describe the AdS/CFT correspondence formalism,
describing a correspondence between 4D operators O(x) and
fields in the 5D bulk φ(x,z). We then calculate the kaon
form factor in the holographic QCD. We find the result on
kaon form factor is in a good agreement compared to the
existing data in the low Q2 [27]. We then predict the kaon
form factor in the higherQ2. Experimentally, the experimental
data is really poor in the higher Q2. We find the kaon form
factor in the higherQ2 is consistent with the perturbation QCD
prediction [31]. Next, we calculate the charge radius of the
kaon in the holography. We find our result on the charge radius
is an excellent agreement with the data [27] as well as particle
data group (PDG) [32].
This paper is organized as follows. In Sec. II, we briefly
review theAdS/CFTcorrespondence, two and three point func-
tion, and how to extract form factor of the kaon from holog-
raphy QCD in Sec. III. In Sec. IV, we present the calculation
of the charge radius of the kaon. In Sec. V, numerical results
are presented and their implications are discussed. Sec. VI is
devoted for a summary.
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2II. FORMALISM
A. The AdS/QCD Correspondence
In this section we briefly review the calculation of the vac-
uum expectation values of the operators based on a generating
function Z4D in the 4D space, which is defined by
Z4D[φ0] =
〈
exp
(
iS4D + i
∫
d4xO(x)φ0(x)
)〉
, (1)
where S4D is the action for the 4D theory, and φ0 is a source
function together with a specific operator O (x), which corre-
sponds to the expectation value. It then can be written by
〈0 |TO(x1) . . .O(xn)| 0〉 = (−i)
nδZ4D
δφ0(x1) . . . φ0(xn) . (2)
The followingAdS/CFT correspondence provides the equiv-
alence between the generating functional of the connected cor-
relation for the 4D theory and the effective partition function
for the 5D theory,
Z4D[φ0] = exp (iS5D(φcl)) . (3)
where φcl is a solution of the 5D equation of motion with
boundary, as defined in Eq. (5).
We consider only tree-level diagram on the 5D theory and
we choose the following metric for the 5D space-time
ds2 = gMN dxMdxN =
1
z2
(
ηµνdxµdxν − dz2
)
, ε < z < z0 ,
(4)
where x is the 4D space-time coordinate, ηµν =
diag(1,−1,−1,−1) is the flat space metric, and z is the fifth
coordinate, which corresponds to the energy scale (Q ∼ 1/z).
We set z = ε → 0 for the ultraviolet boundary of the 5D space
that relates with the UV limit of QCD, and the hard-wall cutoff
at z = z0 = 1/ΛQCD is the infrared boundary, which is used
for the conformal symmetry breaking of QCD.
The UV boundary value of the 5D field is the source of
the corresponding 4D operator O. One can write the classical
solution of the 5D field as
φcl(x, z) = φ(x, z)φ0(x) . (5)
The value of φ(x, ε) → 1 (or in general it goes to ε∆).
Hence, φ0(x) is identified as the UV-boundary value of the
φcl(x, z) field.
B. The 5D AdS Model
The action in 5D theory is written as
S5D =
∫
d5x
√
g Tr
{
|DX |2 + 3 |X |2 − 1
4g25
(
F2L + F
2
R
)}
,
(6)
where g = |detgMN | is the determinant of metric tensor, g5 is a
gauge coupling parameter, which is fixed by the QCD operator
product expansion (OPE), and the bi-fundamental scalar field
X in Eq.( 6) is expressed by
X(x, z) = exp(ipia(x, z)ta)X0(z) exp(−ipia(x, z)ta), (7)
where ta = σa/2 are the SU(3) generators with Tr[tatb] =
δab/2, where σa are the Pauli matrices. The covariant deriva-
tive is defined as
DMX = ∂MX − iLMX + iXRM, (8)
where the 5D space-time is denoted by the lowercase index of
M = (µ, z), and FLMN is written as
FLMN = ∂MLN − ∂N LM − i[LM, LN ], (9)
Analogously for FRMN .
The L and the R fields can be written as vector field V and
the axial-vector field A,
LM = VM + AM (10)
RM = VM − AM . (11)
In this work, we consider the following 4D operators that
are defined by the current operators JaLµ = ψ¯qLγµt
aψqL and
JaRµ = ψ¯qRγµt
aψqR that correspond to the gauge fields Laµ and
Raµ in the 5D theory, respectively. The operator of ψ¯qRψqL
corresponds to a bi-fundamental scalar field Xa in Eq. (7),
where the index a = 1, 2, . . . , 8 for SU(3) flavor symmetry,
and index µ = 0, 1, 2, 3 for the space-time. Note that the gauge
invariance in the 5D theory is related with the global current
conservation in the 4D theory.
C. Two-point functions
Here we consider only the scalar parts of the action X0(z),
up to 2nd-order, it gives
Sscalar =
∫
d5x
√
g Tr
(
gMN∂MX0∂NX0 + 3|X0 |2
)
, (12)
where gMN is defined in Eq. (4), which is the nontrivial 5D
metric.
TheUV-boundary of the scalar field X0 is proportional to the
quark mass matrix M , which can be considered as the source
for the operator of ψ¯RψL . Solving the equation of motion for
3the scalar field, it then gives
X0(z) = a1z + a3z3, (13)
where a1 is defined as in Ref. [30] by
a1 =
1
2
M1 =
1
2
©­«
mq
mq
ms
ª®¬ , (14)
wherewe consider the SU(2) isospin symmetrywhere themass
for the up- and down-quarks are identical.
Using the AdS/CFT correspondence, we then calculate
the quark condensate
〈
ψ¯ψ
〉
= Σ by performing a functional
derivative of the action in Eq. (12), evaluated on the classical
solution, over δM and identify
a3 =
1
2
Σ1 =
1
2
©­«
σq
σq
σs
ª®¬ . (15)
We also assume that σq = σs = σ and define vq(z) = mqz +
σz3 and vs(z) = msz + σz3.
D. Transverse Vector
We now consider only vector parts of the action up to 2nd-
order. It gives,
Svector =
∫
d5x
8∑
a=4
1
4g25 z
(
− (∂MVaN − ∂NVaM )2 + 2αa(z)(VaM )2) .
(16)
A contraction over 5D metric ηML is implied. We then define,
αa(z) =

0 a = 1, 2, 3
g25
(
vs − vq
)2 /(4z2) a = 4, 5, 6, 7
0 a = 8 ,
(17)
We have gauge choice to set Vaz = 0 except for a = 4, 5, 6, 7
because of the non-zero (“mass term”) of the second term in the
action of Eq.(16). The equation of motion for the 4D Fourier
transform of the transverse part of the gauge field Va⊥,µ(q, z) is
written as (
∂z
1
z
∂z +
q2 − αa
z
)
Va⊥,µ(q, z) = 0, (18)
where αa = g25(ms − mq)2/4 when σs = σq for a = 4, 5, 6, 7.
One writes the transverse part of the vector field
as Va⊥,µ(q, z) = V0,a⊥,µ(q)Va(q, z) with the so-called bulk-
to-boundary propagator Va(q, z) which is normalized to
Va(q, ε) = 1 at the boundary condition z = 0, and V0,a⊥,µ(q)
is the Fourier transform of the source of the vector current
JaV,µ = ¯ψqvγµt
aψqv at the UV boundary z = ε. We also im-
pose a Neumann boundary condition ∂zV(q2, z0) = 0. The
solution for the bulk-to-boundary propagator is written as
Va(q2, z) = pi
2
q˜z
(
Y0(q˜z0)
J0(q˜z0) J1(q˜z) − Y1(q˜z)
)
, (19)
where q˜2 = q2 − αa, and Y1(x) and J1(x) are the Bessel func-
tions, respectively.
For spacelike four-momentum transferred q2 = −Q2 < 0,
the solution in Eq. (19) can be written as
Va(Q2, z) = Q˜z
(
K0(Q˜z0)
I0(Q˜z0)
I1(Q˜z) + K1(Q˜z)
)
, (20)
where Q˜ =
√
Q2 + αa, and K1(x) and I1(x) are the modified
Bessel functions, respectively.
The action on the solution in Eq. (20) is evaluated with
applying transverse projector ηµν →
(
ηµν − qµqν
q2
)
= PµνT ,
since ∂µVa,µ⊥ = 0, one has the form
Svector = − 12g25
∫
d4q
(2pi)4V
0,a
µ (q)V0,aν (q)PµνT
∂zVa(q2, ε)
z
.
(21)
After solving the differential part, by the AdS/CFT corre-
spondence, we obtain the current-current 2-point function is〈
0
T Ja,µ⊥ (x)Jb,ν⊥ (y) 0〉 = iδ2S5D
i2δV0,a⊥,µ(x)δV0,b⊥,ν (y)
, (22)
where
V0,aµ (q) =
∫
d4xeiqxV0,aµ (x), (23)
and this leads to
i
∫
d4x eiqx
〈
0
T Ja,µ⊥ (x)Jb,ν⊥ (0) 0〉
= − 1
g25
PµνT δ
ab ∂zV
a(q2, ε)
z
, (24)
where T is the time-ordering operator.
The bulk-to-boundary propagator can be written as
Va(q2, z) =
∞∑
n=0
can (q2)ψn(z), (25)
where the wave function of ψn satisfies eigenvalue equation
©­­­­«
∂z
1
z
∂z +
((
MaV,n
)2
− αa
)
z
ª®®®®¬
ψan (z) = 0 (26)
4which is normalized as∫
dz
1
z
ψanψ
a
m = δmn (27)
with boundary condition ψan (ε) = 0 = ∂zψan (z0) and the solu-
tion is
ψan (z) =
√
2z J1
(
z
√
(MaV,n)2 − αa
)
z0J1
(
z0
√
(MaV,n)2 − αa
) (28)
where the eigenvalue ofMaV,n (Kaluza-Klein tower of the mass
of the vector mesons: ρ meson for a = 1, 2, 3, K∗ meson for
a = 4, 5, 6, 7, and ω0 meson for a = 8) are obtained from
J0
(
z0
√
(MaV,n)2 − αa
)
= 0.
Using Eqs. (18), (25), and (26), we obtain
can (q2) = −
1
ε ∂zψn(ε)
q2 − (MaV,n)2
. (29)
Since
i
∫
d4x eiqx
〈
0
T Ja,µ⊥ (x)Jb,ν⊥ (0) 0〉
=
∑ ( f aV,n)2δab
q2 − (MaV,n)2
(
ηµν − q
µqν
q2
)
+(non − pole terms), (30)
where the definition of f aV,n is given by the matrix element
of current,
〈
0|Jaµ |Vcn (q, λ)
〉
= f aV,nδacεµ(q, λ). We identify,
f aV,n = ∂zψ
a
n (ε)/ε. Also, the parameter g25 = 12pi2/Nc = 4pi2
is fixed from the quark bubble diagram in the leading order,
with Nc = 3 is the number of color.
E. Axial-vector and pseudoscalar
The action for the axial-vector and pseudoscalar sector parts
up-to 2nd-order is written as
Saxial =
∫
d5x
8∑
a=1
× 1
4g25 z
(
− (∂M AaN − ∂N AM )2 + 2βa(z) (∂Mpia − AaM )2)
(31)
A contraction over 5D metric ηML is implied. We have gauge
choice AaM → AaM − ∂Mλa, and pia− → pia − λa and Aaz = 0
is imposed. We define
βa(z) =

g25v
2
q/z2 a = 1, 2, 3
g25(vq + vs)2/(4z2) a = 4, 5, 6, 7
g25(v2q + 2v2s )/(2z2) a = 8 ,
(32)
For the field φ comes from the longitudinal part, we define
A‖,µ = ∂µφa. We then write the Fourier transform of the fields
in terms of the bulk-to-boundary propagators that gives
φa(p, z) = φa(p2, z)φ0a(p) = φa(p2, z) ip
α
p2
A0a‖α(p) ,
pia(p, z) = pia(p2, z) ip
α
p2
A0a‖α(p) ,
Ab⊥µ(q, z) = Ab(q2, z) A0b⊥µ(q) (33)
where A0a‖α(p) is the Fourier transform of the source function
of the 4D axial current operator Ja,α
A, ‖ , and A
0b
⊥µ(q) is the Fourier
transform of the source function of the 4D axial current oper-
ator Ja,α
A,⊥.
We obtain the coupled differential equations for the lon-
gitudinal part of the axial-vector and pseudoscalar fields as
follows
−q2∂zφa(q2, z) + βa(z)∂zpia(q2, z) = 0 ,
(34)
∂z
(
1
z
∂zφ
a(q2, z)
)
− β
a(z)
z
(
φa(q2, z) − pia(q2, z)
)
= 0 ,
(35)
with the boundary conditions φa(q2, ε) = 0, pia(q2, ε) = −1,
and ∂zφa(q2, z0) = 0 = ∂zpia(q2, z0). The expression for the
transverse part of the axial-vector field is analogous to the
vector field. It then gives(
∂z
1
z
∂z +
q2 − βa(z)
z
)
Aa⊥(q2, z) = 0. (36)
We then substitute the coupled differential in Eqs. (34)
and (35) into a second order equation, we obtain
∂z
(
z
βa(z)∂z y
a(q2, z)
)
+ z
(
q2
βa(z) − 1
)
ya(q2, z) = 0 . (37)
where ya(q2, z) = ∂zφa(q2, z)/z. In this form the boundary
condition is y(q2, z0) = 0 and ε∂z ya(q2, ε)/βa(ε) = 1. We the
have the solution as
ya(q2, z) =
∑ (Mapi,n)2yan (ε)yan (z)
q2 − (Mapi,n)2
(38)
where yan (z) is a normalized solution of the eigenvalue in
Eq. (37) with q2 = Mapi,n, boundary conditions yn(z0) = 0
and ε∂z yan (ε)/β(ε) = 0. The normalization is∫
z
βa(z) y
a
n (z)yam(z) =
δmn
(Mapi,n)2
(39)
The eigenvalues of (Mapi,m)2 are the Kaluza-Klein (KK)
masses for the pseudoscalar mesons: the pions for a = 1, 2, 3,
kaons for a = 4, 5, 6, 7, and η0’s for a = 8. The eigenvalues ob-
tained from the transverse part of the axial-vector in Eq. (36),
giving us the KK mass of the a1 and K1 mesons.
5As noted above, for the vector sector, we don’t have the
freedom to set Vaz = 0, for a = 4, 5, 6, 7. However if we
define Vaz = −∂z p˜ia, Va‖,µ = ∂µ(φ˜a − p˜ia), we obtain analogous
equations as in Eqs. (34) and (35) with αa(z) in place of βa(z).
We may proceed as above to obtain the eigenvalues of the KK
mass of the scalar mesons K∗0 .
A current-current correlator for the axial sector is written as
i
∫
x
eiqx
〈
0
T Jaµ
A⊥(x)JbνA⊥(0)
0〉 = −PµνT δab ∂zAa⊥(q2, ε)g25ε ,
i
∫
x
eiqx
〈
0
T Jaµ
A‖ (x)JbνA‖(0)
0〉 = −PµνL δab ∂zφa(q2, ε)g25ε ,
(40)
where PµνL = q
µqν/q2. Using the completeness relation∑
n
∫
d3q
(2pi)32q0 |n(q)〉〈n(q)| = 1 into the correlators in Eq. (40),
then multiplying q2 − m2n and taking a limit q2 → m2n, one
identifies the decay constant of the pseudoscalar mesons from
AdS/QCD correspondence
f aA,n = −
yan (ε)
g5
= −∂zφ
a
n(ε)
g5ε
, (41)
which the decay constants are defined by〈
0
JaAµ ‖(0) pibn (q)〉 = i f aA,nqµδab, (42)
where the states of |pibn (q)
〉
are also considered for the pions
(b = 1, 2, 3) as well as the kaons (b = 4, 5, 6, 7).
III. KAON ELECTROMAGNETIC FORM FACTOR
The electromagnetic form factors of the pion and kaon is
presented in this section. The relevant parts of the action is
SA‖V⊥A‖ =
∫
d5x
(
1
g25 z
∂µφa∂µVbν ∂
νφc f abc
+
1
z3
(∂µpia − ∂µφa)Vbµ picgabc
+
1
z3
(
−1
2
∂µ (piapic) + ∂µφapic
)
Vbµ h
abc
)
, (43)
where the first term in Eq. (43) that contains f abc arises from
the gauge part of the original action, and other terms come
from the chiral part. We then define
gabc = −2i Tr {ta, X0}
[
tb, {tc, X0}
]
,
habc = −2i Tr [tb, X0] {ta, {tc, X0}} . (44)
If gabc and habc in Eq. (44) do not have a, b, or c, which
do not equal “8”, it then gives
gabc = f abcvavc ,
habc = f abc(vc − va)vc , (45)
where for X0 = 12c0 + c8t
8, the va is defined as
va = c0 + c8daa8 =
{
vq , a = 1, 2, 3
1
2
(
vq + vs
)
, a = 4, 5, 6, 7 . (46)
where f abc and dabc are the structure constants of the SU(3)
algebra.
For three-point functions, we calculate three current oper-
ators by taking the functional derivative of Eq.(43). One has
the form
〈0|T Ja,α
A‖ (x)J
µ
⊥(y)Jc,βA‖ (w)|0〉 =
iδSA‖V⊥A‖
i3δA0a‖α(x) δV0b⊥µ(y) δA0c‖β(w)
(47)
From Eq. (47), we then extract the form factor using the
following matrix element
− f a∗n f bmpβkα
〈
pian (p)
Jb,µ⊥  picm(k)〉 (2pi)4δ4(p − q − k)
= lim
p2→(Mapin)2
k2→(Mcpim)2
(
p2 − (Mapin)2
) (
k2 − (Mcpim)2
)
×
∫
d4xd4yd4wei(px−qy−kw)
×〈0|T JaαA‖ (x)Jbµ⊥ (y)JcβA‖ (w)|0〉. (48)
We then obtain〈
pian (p)
Jb,µ⊥  picm(k)〉 =i(p + k)µ ∫ dzVb(q2, z)1z ((∂zφan)(∂zφcm)
+
g25vavc
z2
(
pian − φan
) (
picm − φcm
) )
f abc
(49)
For three quark flavors, the electromagnetic current operator
is defined as
JEM,µ = J3µ +
1√
3
J8µ (50)
The current matrix element for the kaons |K+n 〉 = |pi4n + ipi5n〉
is written as
〈K+n (pB)
JEM,µ K+n (pA)〉 = (pA + pB)µFKnn(Q2) (51)
where Q2 = −q2 = −(pA − pB)2 and a final expression for the
6kaon form factor is obtained by
FKnn(Q2) =
∫
dzV3(Q2, z)1
z
(
(∂zφ4n)(∂zφ5m)
+
g25v
2
4
z2
(
pi4n − φ4n
) (
pi5m − φ5m
) )
. (52)
IV. KAON CHARGE RADIUS
In this section, we present the charge radius of the kaon in
the lowQ2 as well as in the higherQ2. For doing so, we recall
the kaon form factor in Eq. (52) that is
FKnn(Q2) =
∫ z0
0
zVa(Q2, z)ρbnn(z), (53)
where a = 1, 2, 3 and b = 4, 5, 6, 7 and ρbnn(z) is defined by
ρbnn(z) =
(∂zφbn)2
z2
+
g25v
2
b
z4
(
pibn − φbn
)2
. (54)
In the limit of Q → 0, the bulk-to-boundary propagator in
Eq.(20) is written as,
Va(Q2, z) = 1 − Q
2z2
4
(
1 − 2 ln
(
z
z0
))
. (55)
Using the expansion of Eq.(20), we obtain the radius of the
kaon as follows
〈r2Kn〉 = −6
dFKnn(Q2)
d(Q2) =
∫ z0
0
6
4
z3
(
1 − 2 ln
(
z
z0
))
ρbnn(z).
(56)
V. NUMERICAL RESULTS
Our numerical results for the kaon masses, decay constants,
and kaon form factors are presented in this section. Following
Ref. [13], we fix the parameter values of the hard-wall cutoff at
z0 = (322.5 MeV)−1, which is chosen to fit the lightest ρmeson
mass Ma
V,1 = 775.5 MeV for a = 1, 2, 3. Parameters mq and
σq is chosen to reproduce the pion mass and decay constant,
respectively. Given the values of the pion mass Ma
pi,1 = 139.6
MeV, and decay constant f a1 = 92.4 MeV for a = 1, 2, 3,
respectively, we obtain the light current quark massmq = 2.29
MeV, and condensate σq = (328.3 MeV)3. We then fix σs =
σq . The strange current quarkmassms = 51.96MeV is chosen
to fit the kaons mass Ma
pi,1 = 495.7 MeV for a = 4, 5, 6, 7 (the
masses for the K+, K−, K0, and K¯0, respectively). We simply
considermq ,ms , andσ as model parameters, not the (realistic)
physical values of the quark mass and quark condensate. For
getting a better connection between the light current quark
mass and condensate, we redefine the parameters by taking
mq →
√
Nc/2pi, and σ → 2pi/
√
Nc without modifying the
above results for the 2-point and 3-point functions. With this
redefinition, we obtain mq = 8.31 MeV, ms = 188.5 MeV, and
σ = (213.7 MeV)3.
Using the obtained parameters above, we determine the de-
cay constant of the lightest KK of the kaons fK+ = 104 MeV,
and the mass and decay constant of the K∗0 are mK∗0 = 791
MeV, and fK∗0 = 28 MeV, respectively. The decay constant of
the ρ meson f 1/2ρ = 329 MeV. The mass and decay constant
of the lightest KK of the vector mesons K∗ is mK∗ = 791
MeV, and f 1/2K∗ = 329 MeV, respectively. For the axial vector
mesons, the mass and decay constant of the a1 are ma1 = 1366
MeV, and f 1/2a1 = 489 MeV, respectively. For the K1, we obtain
mK1 = 1458 MeV, and f
1/2
K1
= 511 MeV. The values of the de-
cay constant and the mass of the kaon obtained are consistent
with PDG [32].
Results for the kaon form factor are shown in Figs. 1-3.
Figure 1 shows our prediction for the kaon form factor com-
pared to the existing data [27] in the low Q2. We find that
our prediction is in an excellent agreement with the data [27].
We then calculate the kaon form factor up to Q2 = 5 GeV to
anticipate the higher Q2 data which will collect soon [28, 29],
as in Fig 2, however experimentally, the kaon form factor is
poorly known.
Figure 3 shows the same results as in Fig. 2, but for
Q2FK (Q2). For larger Q2 (asymptotic region), the bulk-to-
boundary propagator is written as
Va(Q2, z) Q
2→∞
= (Qz)K1(Qz) ≈
√
piQz
2
e−Qz, (57)
which goes to zero unless z is infinitesimal, z ∼ 1/Q. Note that
the first term in Eq. (54) goes to g25( f an )2 when z → 0, while
the second term goes like ε2 → 0. The quantity zVa(Q2, z)
behaves like a delta function picking up ρann(z) at z → 0. The
upper limit of the form factor integral can be set to infinity as
the integrated vanish at large z. Then, the kaon form factor in
the higher Q2 is defined by
Fa(Q2) Q
2→∞
=
g25( f an )2
Q2
∫ ∞
0
dw w2K1(w)
=
2g25( f an )2
Q2
=
8pi2( f an )2
Q2
. (58)
We find that the kaon form factor for larger Q2 agrees well
with the perturbative QCD prediction [31].
Using Eq. (56), we obtain the charge radius for the lightest
kaon rK+ = 0.56 fm. We find our result is in an excellent
agreement with the experimental data [27] and PDG [32].
VI. SUMMARY
To summarize, we have computed the kaon form factor in
the holographic QCD, which is a complementary approach
of QCD. We adopt a “bottom-up” approach of the Ads/CFT
correspondence, instead of a “top-down” approach, where we
employ the properties of QCD to construct its 5D gravity dual
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FIG. 1. The kaon form factor (solid line) compared to the existing
data taken from Ref. [27].
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FIG. 2. . The kaon form factor (solid line) compared with data at low
Q2. The experiment data are taken from Ref. [27].
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FIG. 3. . Same as in Fig. 1 but for Q2F+K (Q2). The experiment data
are taken from Ref. [27].
theory. We begin to describe the AdS/CFT correspondence
formalism, describing a correspondence between 4D operators
O(x) and fields in the 5D bulk φ(x,z). We calculate the kaon
form factor in the holographic QCD.
Result for the kaon form factor is in a good agreement with
the existing data in the lowQ2. We then predict the kaon form
factor in the higher Q2. We found the kaon form factor in the
higher Q2 is consistent with the perturbation QCD prediction.
We finally calculate the charge radius of the kaon in holog-
raphy QCD. We obtained r+K = 0.56 fm, which is an excellent
agreement with the data as well as particle data group. In
the future, it would be interesting to extend the calculation of
the form factor and gravitational form factor of the B and D
mesons, which contain the bottom and charm quarks, respec-
tively using the holographic QCD model.
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